Sept. 30, 1947. G. E. BOCKRATH - 2,428,194

. AIRCRAFT CONTROL

Filed June 8, 1942 4 Sheets-Sheet 1

NI\
L { T
RS 2\55\\\\

36

I 727V_éﬁ1 =i

Grorce £. Lockpart.

- EQRM& =,




2,428,194

4 Sheets—Sheefc 2

G. E. BOCKRATH

AIRCRAFT CONTROL

Sept. 30, 1947.

Filed June 8, 1942

. : : .ka o .9 M : % .
: | o ] § .,
. A . 82
iz v B ; Y
~ e . A 69-1 ¢ |29 mnwm. 29¢ Nl Q : , .
AN S~ ’ ¢z . \ [ _“
// ’ /// \\ .ﬁwhw“\ S . QWM; ‘2 5 ! :
I s WL | N S
. S : gc AN ’- : M .
| L= -~ =
S]] /4 \ 143 Y 4 X\ : w .
Bt
X €92 7V79 k <X] : .
, 2 228 \A..m.“? .
, . &g
69 z8 _ - oz _
) QOO . . lm b4 w ) ) . . ,
vv;\w—vVV/\\\\\\\\\\\\\\h . £ - e £s
ANANRANN SRR NN 06 ; ; o7
s8 96—, /., 9 62 ¢ ~
gg . 6t 6/ oS, L .Il.:cb.‘
=N &y | ‘r\LW .
. m%m.\Jm v ce L8 ¢ S 7 .\n,\ )
oo G-
%\m‘m\wﬂ“
D dE v
AT
, 4
L6 76 1
z6




2,428,194

 Sept. 30, 1947.

G. E. BOCKRATH
AIRCRAFT CONTROL

'4 Sheets—SHeet 3

%

)
L.

1N

AANULUANNANNN NN SANNNRNONNNN
N K

N &=L 2l
Groecs [. Bocwrars.

Chtenls

AT

IS OATIIIITILILII 7RI 7777777577 rr N

7,

Filed June 8, 1942
[]
ﬂ




Sept. 30, 1947. . G, E. BOCKRATH C 2,42-8,194-
' ' ATRCRAFT CONTROL

Filed June 8, 1942 B 4 Sheets-Sheét 4

;NVE’.Z_L =F

Grorcse L. LockreqrH.

oo Chsnlin,  zen




Patented Sept. 30, 1947

2,428,194

UNITED STATES PATENT OFFICE

- 2,428,194
ATIRCRAFT CONTROL i
George E. Bockrath, Long Beach, Calif.
Application June 8, 1942, Serial No. 446,214 '
(CL 244-—175)

22 Claims.
: 1

This invention relates to aircraft and is di-
rected more particularly to improved control sur-
faces therefor.

It is an important object of the invention to
provide a novel control mechanism which em-

-bodies an improved mechanism for obtaining au-
tomatic trim or pitch control of an aircraft to
which it is attached, thereby greatly increasing
the controllability of the craft and greatly reduc-
ing the dangers accompanying uncontrolled stall-
ing or diving particularly when it is desired to
maintain low speeds such as the reduced speed
desirable for landing and the like.

While the construction embodying the inven-
tion is shown herein as incorporated in an air-
craft of the “tailless” type, it is contemplated that
the various principles of the invention may be
incorporated in aircraft of the conventional type.
Furthermore, while the invention is disclosed
herein as embodied in a plane of the pusher type,
it is to be understood that the principles thereof
may likewise be incorporated in a plane of the
tractor type.

Another important object of the invention is to
provide' an aircraft with improved automatic
trimming mechanism which includes a principal
aerodynamic surface for pitch control, this sur-
face preferably being disposed forwardly of the
center of gravity of the aircraft.

Still another important object of the invention
is to prowde a surface which corresponds to the
elevator of the character heretofore known which
is so constructed and arranged that full move-
ment thereof, and thus full control, thereby is
available throughout all speeds in the ﬂying range
of the craft and throughout the full range of
automatic trimming movement of the aerody-
namic surfaces utilized for this purpose.

Still another object of the invention is to pro-
vide an automatic trimming mechanism for air-
craft which"is so constructed and arranged that
diving moments of the craft, which increase as
the speed decreases, are overcome by increasing
the lift capacity of the control surface while also
increasing the lift capacity of the supporting air-
foil, thereby increasing the lifting capacity of all
elements in the craft contributing to lift. Since

~ in conventional aircraft diving moments are over-
come by decreasing the lifting capacity of the
horizontal tail surfaces, it is clear that the lift-
ing capacity of conventional aircraft gt low speeds
is inferior to the lifting capacity of an aircraft
constructed as herein described.

Another important object of the invention is to
provide an aerodynamic control surface which is
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spring.loaded and is so constructed and arranged .
as to automatically control for pitch in response
to variations in the dynamic pressure of the air
air impressed upon the control surfaces, these
surfaces automatically assuming an increased an-
gle of attack upon proportional decreases in the
dynamic pressure of the air to mainfain the craft
in trim without requiring the special attention
of the pilot.

It is a more specific object of the invention to
provide a pitch control surface disposed forward-
ly of the center of gravity of the aircraft, this
surface having a connection with high lift flaps
whereby it moves simultaneously therewith to
control the pitch developed by said flaps. The
connection has incorporated therein a spring for
automatically moving the confrol surface and
the high lift flaps through the simultaneous
movement to control pitching, there being ‘addi-
tionally incorporated in the connection a dashpot
for reducing the speed of oscillation of the sur-
faces through thelr automa,tlc sprmg loaded
movement.

It has been found that aircraft provided: with
mechanism affording the above advantages have
much greater controllability and are thus much
easier to fly; may be landed at much slower speeds
and therefore are safer and require a minimum
of landing space; are trimmed correctly for each
speed by movement of the pitch control surface
automatically to the correct position; and are
automatically controlled to correct for the pitch-~
ing produced by the flaps by automatic, simul-
taneous movement of the piteh control surface.

In accordance with the general features of the
invention, there is provided herein g pitch con-
trol surface disposed forward of the center of
gravity of the airplahe and movable automati-
cally and simultaneously with high lift flaps, the
control surface having its aft portion manually
deflectable by the pilot to correspond -to the ele-
vator surface of the conventional type of plane.
The elevator surface and the pitch control sur-
face of the plane are s¢ constructed and ar-
ranged that the elevator is moved in the opposite
direction to that of the usual aircraft construc-
tion to produce the same pitching moment, this
being brought about by a novel spring differen-
tial assembly which. differentially connects the
pitch control assembly with the elevator assem-
bly. The forward portion of the control surface
is preferably hinged at the aerodynamic center
of the entire pitch control surface which 1ncludes .
the surface of the elevator itself.

The pitch control surface is controlled by link-




2,428,194

3

age secured thereto, the linkage being connected
to a dashpot whereby movement of the pitch con-
trol surface with the elevator to trim the airplane
is damped by said dashpot. The link, in addition
to being controlled by the above mentioned dash-
pot, is also spring urged so that the control sur-
face is automatically moved to trim the airplane
at all speeds, for example, from landing speed to
cruising speed, the high lift surfaces also being
deflectably mounted on the plane and connected
with the contrel surface whereby it also moves,
simultaneously with the control surface, to aid in

the trimming function. The high lift members

and the control surface are simultaneously moved
by changes in the moments about their hinge
points due fo changes in the dynamic pressure of
the air resulting from changes in the speed of
the airplane. This movement of the control sur-
face, and the high lift devices, for trimming the
airplane is in accordance with the relationship
M=CnQAC, where Cm is the coefficient of pitch-
ing (constant, as explained helow) arbitrarily de-
termined by the selection of airfoils and the gen-
eral design of the plane, Q is the dynamic pres-
sure represented as % pv? in which p is the den-
sity of the air, A is the area of the airfoil in ques-
tion, and C is the average chord of the airfoil in
question. In the above construction the elevator
may at all times move throughout its full range
of deflection independently of the particular de-
fleetion of the econtrol surface to which it is
hinged. )

Many other objects and advantages of the in-
vention will become apparent from the following
description and saccompanying drawings, -in
which:

Figure 1 is a side elevational view of an air-
plane emhodying the invention;

Figure 2 is g top plan view of such a plane;

Figure 3 is a schematic view showing the aero-
dynamic surfaces embodying my invention and
the connections therebetween; .

Figure 4 is a schematic view showing the spring
load for the automatic piteh control mechanism;

Figure 4a is a cross-sectional view taken on the
line IVa—IVa of Figure 4; -

Figure 4b is 5 fragmentary ecross-sectional view
of g portion of the mechanism shown in Figure 4;

PFigure 4¢ is a fragmentary eross-sectional view
of a portion of the mechanism shown in Figure 4;

Figure 5 is a fragmentary perspective view of
the aerodynamlc surfacesand control connections
shown in Figure 3;

Figure 6 is & detail view of compensatmg
meechanism available to adjust the control surface
for changes in the center of gravity of the air-
plane due to fuel consumption and the like;

Figure 7 is a fragmentary schematic view of a
two-control system embodying my invention; and

Figure 8 is a cross-sectional view of an airbrake
econstruction adapted for combination with other
features of my invention.

It is understood that the embodiments shown
herein are for illustrative purposes only and may
be changed or varied without departing from the
scope of the invention as set forth in the ap-
pended claims.

.Referring to the drawings, particularly to Fig-
ures 1 and 2, a suitable type of aircraft which
may embody my invention includes a tailless con-
struetion of the pusher type including a cabin 10
having a rearwardly disposed propeler I moti-
vated hy a suitable power plant housed within the
rear portion of the eabin. . A tricycle landing gear
including a single forward wheel assembly 12 and
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4
laterally disposed rear wheel assembly {3 affords
stability for landing.

The aerodynamic surfaces of the craft com-
prise generally the main supporting surfaces
which include the laterally disposed wings {4 and
the upwardly and forwardly disposed control sur-
face {5 both of which will be described more fully
presently. The rudders {6 are suitably, opera-
tively secured fo fins 16a at the end of each wing
{4, each wing also including a4 manually operable
aileron 7 constituting the aft edge thereof in the
vicinity of the respective rudders and high lift
flaps {8 which are automatically responsive o
dynamic pressure of the air as will be more fully
explained presently. The ailerons IT are of
course available for rolling the aircraft as is well
understood by those skilled in the art. The con-
trol surface {5 which in the present embodiment
is disposed above and forward of the cenfer of
gravity of the aircraft is provided with a surface
19 corresponding to the elevator of conventional
craft.

Generally speaking, the control surfaces and
associated mechanisms now to be described are
constructed and arranged to vary in lift or at-
titude automatically in accordance with varia~-
tions in the dynamic pressures of the air imposed
upon the lift surfaces without, however, any ac-
companying substantial change in the attitude
of the aircraft itself.

Referring to the drawings, particularly to Fig-
utes 3, 4, 4a, 4b and 5, .the pitch control sur-
face 15 is shown supported upon the main lft
surface (4 by struts 28 and 21, the lower end of
each sftrut being securely attached fo the for-
ward end of the airfoil 14 in any conventional
manner. The upper end of strut 20 is joined
with the substantially central portion of the strut.
21 by means of a brace member 22, the upper end
of the strut 2{-affording a hinge connection for
the pitch centrol surface 8. 'This last named
hinge connection may be provided by an eye con-
struction at the upper end of the strut 21 and
an apertured lug 25 depending from the lower
surface of the pitch control member 18, said lug
being apertured and adapted to receive, with the
upper end of the strut 2!, a pin 24. It is to be
particularly noted that the position of the hinge
connection, as determined by the disposal of the
depending lug 23, is at the aerodynamic. center
of the entire control surface represented by the
airfoil 15 and the airfoil 19. :

With regard to the location of the hinged con-
nection or fulecrum of the control surface at sub-
stantially the aerodynamic center thereof, it is
found that since the pitching moment coefficients
of the surface about this point are constant, the
moments developed are proportional to the dy-
namic pressure of the air impressed thereupon.
Hence, any change in the angle of attack of the
control surface resulting in a change in lift af-
forded thereby does not result in g change in
pitching about the aerodynamic center- of the
surface. Thus it follows that the automatic varia-
tions of the angle of attack of the control sur-
face about the pin 24 is a function of the pitch-
ing moment developed abouf the aerodynamic
center due to dynamic pressure of air rather than
of the load carried or the lift thereof. In this
manner, it will be seen that the automatic change
in the angle of attack of the confrol surface is
brought about entirely independent of the load
involved or the lift it exerts, the gutomatic move-
ment being entirely dependent upon the dynamic
pressure of the air.
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The lower aft surface of the airfoil {4 is pro-
vided with depending, rearwardly extending sup-
porting arms 25 which are apertured at their
ends to provide for a hinge connection with sup-
porting arms 28 which depend from the lower
forward surface of the high lift fiap 18, the lower
ends of each of the arms being connected by piv-
ot pins 21. To increase the aercdynamic ef-
ficiency of the entire main supporting surface,
the airfoil i4 is preferably rearwardly arcuately
recessed to receive the forward edge of the re-
spective high lift flap {8, the latier being pro-
vided at its forward edge with a lug 28 adapted
to receive a connecting control link.

As previously stated, the pitch control surface
45 and the high lift flaps 18 are, in accordance
with the invention, connected together in such
a manner that they deflect with simultaneocus
movement, and this movement is adapted to com-
pensate automatically for variations in the dy-
namic forces impressed upon the respective sur-
faces. To this end, the surfaces 15 are provided
with arms 29 aft thereof each arm being pivotally
connected to a respective push-pull link 39. The
links 30 are pivotally conected to respective arms
31 which have companion arms 32, the bell crank
being thus formed having a pivotal connection 33
on the respective strut 28. Rocking movement of
the bell crank arm 32, shown at the left of Fig-
ure 5, is transmitted to an arm 35 through a
rigid connection 38 to be described more fully
presently. The arm 35 is pivotally secured at
its lower end to a push-pull member 37, the re-
mote end of the member 37 having a pivotal con-
nection with an arm 38 of a dashpot construc-
tion of conventional design.

To establish prescribed limits through which
the airfoils {5 and {8 may move, the bell crank
arm 32 has its lower end pivoted to a push-pull rod
32¢ which is in turn pivoted to an arm 320 bpiv-
oted as at 32¢ to the web 34, Suitable stops 32d
are affixed to the web 38 to delimit the degree
of movement of arm 32b and its associated links.

In the present. disclosure, the arm 38 of the
dashpot is connected to a rocking member 39
disposed within the casing 46 thereof. The cas-
ing 40 is provided with a double ended slide valve
chamber 41 in which a double ended valve 42
reciprocates in response to the rocking motion of
the arm 39. Each head of the valve is provided
with a restricted escape aperture £3. It will be
understood that when the chamber 41 is com-
pletely filled with oil, movement of the valve
heads 42, the arm 39 and the arm 38 and thus
the previously described bell crank and push-pull
linkages, will ‘be damped since the movement
thereof will be reduced to relatively slow back
and forth movement as distinguished from rela-
tively rapid fluttering motion. Consequently, it
will be understood that fluttering of the airfoils
connected to the linkages whose movements are
under the influence of the dashpot valve will be
reduced to g minimum. -

Similarly connected to the arm 38 of the dash-
pot mechanism above described is a push-pull
rod 44 having a suitable pivotal connection with
a bell crank arm 45, the lower end of which is
secured to a push-pull rod 48. The remote end
of the rod 46 is pivotally connected to the for-
wardly extending lug 28 of the respective high
lift flap (8. A companion bell crank arm to the
arm 45 is shown at 46a and the bell crank thus
formed is suitably pivoted as at 4% to the web
34 of the airfoil !4, The bell crank arm 46a is
pivotally connected through an arm 48 to a

10

15

20

35

40

50

(]
o

60

65

76

6
cantilever sprmg 49 similarly mounted on the
web 34.

From the foregomg it will be seen that a
change in attitude of airfoils 15 and {8 will occur
51mu1taneously due to the linkages above de-
scribed ‘and that the movement thereof will be
controlled through relatively slow oscillations by
means of the interposed dashpot #0. Further-
more, it will be seen that because of the canti-
lever spring 49 and its associated linkages, an
increased resistance to a decrease in flap and
control surface deflection relative to the airfoil
t4 occurs as the surface {5 and flaps {8 approach
a position of zero deflection.

The following table shows the relative dynamic
pressure, hinge moment coefficient (Cu), flap
hinge moment and angle of deflection of the flaps
worked out for given speeds of an aircraft having
given airfoils - constructed and arranged in ac-
cordance with the invention:

Flap Flap Hings
Speed Q Angle Cm Moment
Degrees
6.25 30 .15 281
9,22 20 .08 221
16. 4 8.6 . 0255 125.5
25.6 3.4 .009 68.3
36.9 .5 .002 21.1
40.0 0 0 0

Por purposes of the present explanation if is
to be understood that additional mechanisms, to
be described fully presently, are associated with
the above described linkages whereby the con-
nected airfoils will automatically assume atti-
tudes of various degrees in accordance with the
speed of the airplane or the dynamic pressure up-
on the respective airfoils.: It is this concept, as
will be understood presently, which contributes
to the automatic trimming of the airplane and
to the automatic control of the pitching moments
which result from the trimming action,

From the foregoing table it will be seen that
the hinge moment increases as the angle of flap
deflection increases in accordance with decreas-
ing speed of the airplane.

From the table it will be seen that the above
change in values is accompanied by a decrease in
dynamic pressure of the air. Due to the increase
in" the hinge moment Cr as the flap is deflected,
the foregoing  change -in values accompanies a
reduction in the speed of the plane and a reduc-
tion in dynamic pressure. In view of the devel-
opment of the moment values shown in the above
table, it is desirable to have the load on the canti-
lever spring 49 high while the flap is at zero de-
flection and to have the load decrease as the angle
of ‘deflection is increased. Thus the load im-
pressed upon the flap linkages by the cantilever
spring 49 is inversely proportional to the mo-
ments developed by the flap. It will be under-
stood that the above arrangement balances the
flap hinge moment for all flap positions since the
various positions are proportionally influenced
by the dynamic preéssure. ‘

It is to be understocd that the cantilever spring
49 is a control element rather than a motivating
element, the motivation of the control surfaces
through their automatic changes in attitude being
brought about by other- mechanism assomated
with the above described linkages,

Broadly speaking, the airfoils 45 and 18 impart
to ‘the aerodynamic system disclosed herein a
trim or pitch control and a lift increasing' means
which is automatic depending upon the dynamic
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pressures involved. Such control, however, does
not disturb the usual manual control required, so
the pilot may govern the action of the plane
according to immediate conditions arising during
flieht to obtain voluntary change of direction,
landing, takeoff, climbing, diving or the like.

So far as the latter maneuvers are concerned,
the flaps 17 of the airfoils 4 may be manipulated
by the pilot at his will fo afford rolling, the rud-
ders 16 may be likewise manipulated to obtain
a change in direction, and the airfoil 19 may be
manipulated in the place of a conventional ele-
vator.

To the end that the control elevator {9 may
be manipulated manually and independently of
the pitch control surface {5 upon which it is
mounted by means of a depending lug 50 having
a pivotal connection with the rear end of sup-
porting arm 29, there is provided a push-pull rod
51 which has its rear end pivotally connected
to the forward edge of the surface 19 and ifs
forward end pivotally secured to a bell crank arm
52 having a companion arm 53, these arms form-
ing a bell crank which is pivotally mounfed as
at 54 to a lug 5% which depends from the lower
surface of the airfoil 15. The end of the bell
erank arm 53 remote from the pivot 54 is suitably
pivotally secured to a push-pull rod 56 which
extends downwardly in substantial paralle] rela-
tionship to the strut 21 and has its lower end
pivotally secured to a bell crank arm 571 having
a companion arm 58, the bell crank thus formed
being pivoted as at 59 to the web 60 in the re-
spective airfoil {4,

The bell crank arm 58 has its lower end piv- 3

otally secured to a push-pull rod &1 which is in
turn pivotally connected to a bell crank arm
62 having a companion arm 63, the bell crank
thus formed being pivoted as at 64 to the web
60 of the airfoil 14. The remote end of the bell
crank arm 63 is pivotally secured to & push-pull
rod 65 which extends downwardly from the ajr-
foil 14 into the vicinity of the cabin 10 and has
its lower end pivotally secured to a bell crank
arm 66 which with the arm 67 forms a bell crank
which is suitably pivotally secured to the cabin as
at 68. The arm 61 is connected to g control
stick 69 which is available to the pilot through
a push-pull rod 710. Thus it will be seen that
fore and aft motion imparted to the control stick
69 by the pilot will result in deflection of the ele-
vator surface 19 to impart flying control to the
aircraft.

There is also disposed in the cabin, in a posi-
tion available to the pilot, a trim crank 36a hav-
ing a suitable pulley fixedly secured thereto and
about which a flexible motion transmitting mem-
ber 360 extends. The member 36b extends
around two pulleys 38c also suitably disposed in
the cabin and thence extends upwardly to wind
around a spirally grooved turnbuckle member 36d
(see Figure 6) which is provided with oppositely
disposed, inwardly and oppositely threaded bosses
36e. The rigid member 25, pivotally secured at
each end to the bell crank arm 32 and the arm 35
respechively, comprises two oppositely threaded
rods which extend into the respective bosses 36e
thereby to be spread apart or drawn together
in accordance with the direction of rotation of
the member 36d. From the foregoing it will be
seen that the length of the rigid member 36 may
be increased or decreased in accordance with the
operation of the trim crank 36a by the pilot.
Thus the angle between the bell crank arm 32
and the arm 35 may be varied, this resulting in
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a change of the relative deflected positions be-
tween the airfoil 15 and the airfoils 18. As will
appear more clearly presently, this adjustment is
made by the pilot to accommodate variations in
the position of the center of gravity of the air-
plane resulting from consumption of fuel and
other well known factors.

As previously explained, movements of the con-
trol surface 15, the high lift surface 18 and the
elevator surface 19 in addition to being controlled
by the dashpot 40 are also spring controlled.
This spring control is such that the various mem-
bers of the actuating system are spring loaded to
automatically function in accordance with the
degree of dynamic pressure of the air upon the
respective surfaces and in accordance with nor-
mal manipulation imparted to the elevator sur-
face 19. ’ o

The spring mechanism together with its coop-
erating differential assembly is best shown in Fig-
ure 4. This spring-differential assembly is con-
nected to the mechanism heretofore described
through links Tf and 72. The link 71 has its
upper end connected with the assembly of Fig-
ure 4 while the remote end thereof, as best seen
in Pigures 3 and 5, is pivotally secured to a bell,
erank having arms 73 and 74, this bell crank be-
ing pivoted as at 15. A push-puli link 76 con-
nects the remote end of the bell crank arm 74
with the bell crank arm 63 which has been pre-
viously described. In this manner the control
stick 69 together with the surface {9 is governed
by the mechanism shown in Figure 3.

The pitch control surface 15 is connected with
the spring-differential mechanism by means of
the push-pull link 12 (see Figure 3) which has
one end connected to the bell crank arm 35 and
its remote end pivotally connected as at 1T (see
Figure 4) with an arm 18 having a companion
arm 19, the junction of the latter arms being piv-
oted as at 80 to provide a bell crank.

From the foregoing it will be seen that simul-
taneous movements of the airfoil {5 and the air-
foil {8 which are connected together as previous
described will be subjected to the spring-differ-
ential mechanism through the link 12 and bell
crank 18—Ii9 while the linkages constituting the
control between the control stick 69 and the push-
pull rod §1, which independently operate the con-
trol foil {8 are connected likewise with the gpring-
differential  mechanism through the push-pull
link 71 by means of the connection between the
bell crank arm 63 and the push-pull link 76 as
previously described.

The spring-differential mechanism shown  in
Figure 4 is constructed and arranged in the fol-
lowing manner. The bell crank 81 and the link
82 are each pivoted as at 83 to a bracket 84 which
is mounted $o the aircraft structure in any suit-
able manner (see Figures 4c and 5). A com-
panion bell crank 85 is operatively connected with
the bell crank 8i by means of push-pull links 86
and 87, the bell crank 85 being pivotally con-
nected to the remote end of the link 82 as at 88
(see Figure 4b). A link 89 is pivotally con-
nected to the end of the member 82 at 88 and
has its remote end pivotally connected with the
center point of bell crank arm 79 as at 90.

The spring mechanism includes a pair of tele-
scoping elements, the outer element being indi-
cated at 8f and having one end pivotally secured
to a bracket §2 mounted on a suitable web of
the aircraft construction as shown in Figure 5.
The member 91 is hollow and is provided at its
remote end with a flange 93 in which is seated 3
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éoll spring 94. The inner member of the tele-
scoping mechanism is shown at 95 and has its
lower end pivotally secured to the end of the bell
crank arm 79 as at 96. 'The member 95 is adapted
to extend. into the interior of the member §i
and is provided at its outer end with a flange
81 adapted to receive the end of a coil spring
98 which is opposed to the spring 94. From Fig-
ure 4a it will be seen that the external member
91 is suitably broken away so that the integral
connection between the flange 97 and the member
95 is accommodated. .

The bell crank 85 is provided with a bifurcated
arm 99, the bifurcated end of which is relatively
movably secured to a ring 100 which is, in turn,
disposed between the adjacent ends of the coil
springs 84 and 98 whereby rotation of the arm 99
about the pivot 88 causes the ring (00 to .be
actuated against either the spring 98 or the spring
94 depending upon the direction of rotation of the
arm 99 as brought about in a manner to be de-
scribed presently. As will be seen from Figure 5,
the spring assembly may be encased in a flexible
tube 100q if desired, this tube having its ends
seated in flanges 83 and 97 respectively.

. From the foregoing, it will be seen that move-
ment of the control stick 69, and thus the airfoil
18, will be transmitted to the spring-differential
mechanism through bell crank 81, causing rota-
tion thereof about pivot 83, whereby such move-
ment will be controlled by the spring and the
differential due to opposed movement of members
86 and 87 and the resulting rotation of arm 99
about pivot 88. Likewise, movement of the link-
ages between the surface 15 and i8 will also be
transmitted to the spring-differential mechanism
(through the link 72, bell crank 18—18, link 89
and bell crank 85, the arm 89 thereof having
translational movement imparted ‘thereto by
movement about pivot 83) whereby movements
of these airfoils will also be controlled by the
spring 94—88. The movement of each of the
linkage systems acts as a counter balance on the
spring to counteract against the movement of
the other. It will also be understood that condi-

" tions may require the actuation of the airfoil 19
or the airfoils {5 and I8 independently of one
another. Therefore, each set of linkages being
connected to the spring, the differential will per-
mit such independent movement depending upon
flying conditions and the will of the pilot.

Assuming first that the pilot manipulates the
elevator 19 by means of the control stick 69, this
manipulation is spring controlled by the spring
94—98 in the following manner:

Operation of the control stick 69 causes the
bell crank arm 63 to rock whereupon the push-
pull rod 76 and the bell crank having arms 13
and 14, together with the push-pull rod Ti will
cause the bell crank 81 to rock about the pivot
83. This rocking motion is transmitted in push-
pull action to the push-pull rods 86 and 87, where-
upon the bell crank 85 is rocked about the pivot
88, thereby causing rocking motion or rotation
of the arm 99 and longitudinal motion of the
member 100 relative to the telescoping rods
81—95. This movement of the member 100 is of
course retarded to a degree by the spring 94—983.
Thus it will be seen that the system between the
control stick 68 and the airfoil 19 is spring loaded.

Referring now to the simultaneous moement
of airfoil 15 about pivot 24 and airfoil 18 about
pivot 27, it will be seen that when the pilot op-
erates the airfoil 19 by means of the control
stick 69, not only will this control movement
load the spring as described above through move-

10

ment- imparted to the arm 99 of the bell erank
835, but also the movement of the airfoil 19, for
instance downwardly, will produce an added lift
on the surface 15. Ordinarily, this would be ex-
pected to produce a counterclockwise moment in
the surface [5 about the pivot 24. However,
movement of .the control surface 19 has, as pre-
viously explained, caused the bell crank 85 tc add
a load to the spring. This spring load may be
regarded as a counterbalancing load and together
with the dynamic pressures involved produces a
trim moment throughout the entire range of de-
flection of the surface (9 by the pilot.

Reflection of the airfoils 15 and I8 also im-
15 Dbresses a load from the airfoil 15 upon the spring
~ system 94—98 in the following manner: Move-
ment of the linkage system between push-pull
rod 30 which is secured to the airfoil 15, and
push-pull rod 46 which is secured to the airfoil
{8, causes push-pull movement of link 12 which
in turn rocks the bell crank 78—19 about the
pivot 80. This rocking of the latter bell erank
aflects both the differential system and the spring
since movement of the arm 79 of the bell crank

causes a given telescoping movement of the mem-
" ber 85 within the member 91 and one-half that
amount of movement to the link 89 since the Iat-
ter is secured to the middle of the bell crank arm
79. ) -

From Figure 4 it will be seen that movement
of the lower end of the rod 95 will impart a given
like movement to the spring seat 97 thus effecting
the tensioning or compression of spring 28 as dic-
tated by the previously described movement of
. the arm 99 of bell crank 85. Likewlise, rocking

of the arm 79 will cause one-half ‘this amount
‘of movement in the link 89 which will cause bod-

ily movement of the bell crank 85 and this trans-
lational movement of the arm 99 about.the center
40 83 as distinguished from the rotation thereof
about center 88. It will be readily understood
that these latter movements of the differential.
spring system cause a rocking of the bell crank
85 and the link 82 about the pivot 83 without
turning the bell crank - 81. Thus the movement of
the airfoil 15 about the pivot 24 does not move
or put loads on the control stick 9. These move-
ments are, however, manifested in the spring-dif-
. ferential system and are thus delimited by the
50 counterbalancing effect which has been imparted
thereto previously by movement of the push-pull
rod 71 due to movements of the control stick and

the airfoil (9.

Thus it will be seen that there are provided

55 herein twoindependent systems of control. First,
the usual elevator control by means of the air-
foil 19 which is motivated by movements of the
control stick 69, these movements being trans-
mitted to the spring-differential system tg create
60 a predetermined control or load condition therein,

Second, ‘the automatic simultaneous movements

of pitch control -surfaces i5 and the high 1ift

surfaces 18 in response to changes in the dynamic
bressure of the air, this simultaneous movement
65 also being transmitted through linkage which is
likewise connected to the spring-differential sys-
tem and further being connected in such a man-
ner that the control stick in the hands of the
pilot is in no way affected thereby, leaving the
70 pilot in complete control of the airfoil 19 at all
times.. Under such ecircumstances, it will be seen
that complete range of movement of the elevator
{9 is under the control of the pilot throughout
the full range of pitch control movement of the
16 surface 15 to which it is attached.
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. Referring again to the differential mechanism
shown in Figure 4, it will be now understood that
this mechanism is constructed and arranged for
two independent movements, both of which pro-
duce a counteracting degree of pressure upon the
spring system. First, in response to operation of
the control stick 69 and the foil 18, the bell cranks
81 and 85 are rocked about the pivot poinis 83
and 88 respectively to provide rotation of the arm
99 about the pivot point 88. Second, in response
to automatic movement of the pitch control sur~
face 15 and the high lift surfaces 18, the pivot
point 88 itself is moved in response to movements
of the link 89 which is motivated by the rock-
ing of the bell crank 18—19, thus giving trans-
lational movement to the arm 99. This, of course,
adds a further counteracting movement to the
member 100 which Is secured at the end of arm
99 of bell crank 85. In addition fo the above fac-
tors, the spring seat 97 itself is moved in response
to movements of the pitch control surface {5 and
the high 1ift surfaces 18 by means of the move-
ment of rod 95 within the telescoping member
9i. Spring seat 9T moves twice as much as the
member {00, thereby producing no load on the
arm $9.

When the confrol stick 69 is moved in a clock-
wise direction as shown in Figure 3, it imparts
an upward movement to the link T{ as shown
in Figure 4, this resulting in ‘a rocking of the
bell cranks 81 and 85 simultaneously in an anti-
clockwise direction and an upward movement of
the arm 99 of bell crank 85 against the spring
98 and about the pivot point 88. This results in
a compression of spring 98 against its seat 97.
This tends to raise the rod 95 and add a load on
the bell crank 78—18, tending to move the pivot
point 96 upwardly as shown in Figure 4. The
reaction of the locad on the member 100 puts a
downwardly directed Icad on the link 89 as shown
in Pigure 4. The counterbalancing effect of this
dual load on the arm 719 of the bell crank 78—79
creates a moment about the pivot 80 which is
counterclockwise thus causing a downward coun-
terbalancing load on the aft portion of airfoil
I5 in response to the added lift, which produces
g counterclockwise moment about pivot 24, im-
pressed upon the airfoil 15 by downward move-
ment of the control foil 19. These moments are
not always exactly equal, but in such cases auto-
matic simultaneous motion of airfoils 15 and 18
will produce equality of these moments.

In view of the foregoing, it will be seen that
the ultimate control of aircraft embodying the
invention disclosed herein, particularly as to ele-
vation, is at all times completely under the in-
fluence of the pilot through operation of the con-
trol stick 69 and movement. of the elevator {9
and further that, in response to the action of
springs 94 and 98 as conditioned by operation
of the linkage between the control stick 69 and
the airfoil 19, and in response to changes in aero-
dynamic pressure impressed upon the control
surfaces, those surfaces 15 and {8 move simul-
taneously and automatically to:respond to unbal-
anced moments as explained above developed by
operation of the control airfoil 19.

With regard to the relative positions between
the airfoil {5 and the main Iift surface 14 as
clearly disclosed in Figure 3, it will be seen that
there is provided, in effect, a slotted wing con-
structure. As is well known to those skilled in the
art, the slot heretofore provided at the leading
edge of an airfoil greatly enhances the flow over
that airfoil at high angles of -attack and fur-
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thermore enhances the development of increased
lift upon increase in the angle of attack of the
airfoil. Co

In the present, construction, as previously set
forth, the slot arrangement is provided and is
adjustable, not manually as heretofore, but au-
tomatically by means of the automatic move-
ment developed in the airfoil {5 in response to
varying aerodynamic pressure exerted thereon
as heretofore described.

As stated previously, the rudder and aileron
control assembly to be associated with the above
discussed trim control assembly may be of any
conventional form. However, in Figure 7 there
is disclosed a preferred form wherein a single
control is provided for the ailerons and rudders.
In this figure the details of the control for the
automatically operated flaps 18 and the elevator
19 are omitted for purposes of clarity. The rud-
ders 6 and aileron 171 are operated together by
a control wire assembly which is controlled by
means of hand wheel 104 which is secured fo the
upper end of control stick 69 which in turn con-
nects with link 76, bell crank 66—67 and push-
pull rod 65 as previously explained.

The control wires for the ailerons and rud-
ders are indicated generally at 102 and consti-
tute crossed links 103 which terminate at their
outer ends in g double wire arrangement 04—
105 whereby the links 103, due to rotation of the
hand wheel {81, impart movement to the respec-
tive rudders and ailerons. In the particular ar-
rangement shown the wire links 104 terminate at
the upper end of standards (84 extending above
the ‘aileron T while the sections 105 terminate
at the outer ends of horizontal standards 105a
which extend through the respective rudders 186.
From Figure 7 it will be seen that the lower ends
of standards {04a on the respective ailerons are
connected through control wire 1086 while the
inner ends of the members 105¢ through the rud-
ders are connected by the control wire 107. Thus
there is provided, in effect, a single control for
both the ailerons and the rudders, this control
heing -manipulated by the pilot through turning
of the hand wheel {8i. With the arrangement
shown, and described above, a given manipula-
tion of the control wheel 101 will cause a deflec~
tion of both of the rudders in the given, same
direction while the respective ailerons |1 will be
deflected through reverse angles to provide the
desired banking, )

From the foregoing it will be seen that a single
conitrol has been provided for both dilerons and
rudders and that there is associated with this
single control the stick §9 which the pilot may
manipulate the elevator 18 through a rocking mo-
tion of the control stick as previously described.
There is, in effect, provided -a dual control for
handiing the ailerons, the rudders and the
elevator.

Tt has been found that aircraft having the
automatic pitch control previously described is
well adapted for further control by air brakes
or the like since the pitch control system is in
a-large measure governed by the dynamic pres-
sure of the air impinged thereagainst. It will
be readily understood that -any air brake actuat-
ing mechanism may be utilized and that such
assembly may be disposed at any of the conven-
tional locations in the aircraft consistent with
the aerodynamic design of the particilar aircraft
in question. It will also be understood that while
the -air brake construction is shown in Figure 8.
that I contemplate the association of this mech-
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anism in the aircraft in any conventional man-
ner as described above.

- As shown in Figure 8 the air brake preferably
includes an operating foot pedal {88 pivotally se-
cured to a standard {89 mounted on any suitable
web or partition 1{0 of the aircraft. The end
of the control pedal remote from the foot piece
is pivoted to a push-pull member ti1, the other
end of which is pivoted as at 112 to an arm {13
on an air brake member |14 which operates to-
ward and away from a portion of the aircraft
1i5. To the end that the air brake 114 together
with the manipulating pedal 188 may be retracted
to positions wherein the air brake is in align-
ment with the associated member {15 there is
provided a tension spring {i6 which has one
end secured to the end of the manipulating pedal
which is pivoted to the push-pull rod i!{ and has
its other end secured in any suitable manner to
the partition or web {18 as by a bracket 1i7.

. As previously stated, one of the objects of my
invention is to provide an aircraft control as-
sembly which greatly enhances the controllability
of the craft to permit the pilot to maintain very
low rates of speed without using the elevator con-
trol to balance the diving moments which are
developed in conventional aircraft. Thus the in-
corporation of an air brake assembly greatly aids
in controlling the speed of the aircraft without
the immediate need of adjusting engine- power
output.

What I claim is:

1. In an aircraft control assembly, a main lift
surface, a high lift flap operatively associated
therewith, a pitch control surface disposed for-
ward of the center of gravity of the aircraft, said
pitch control surface having means for hingedly
mounting it to the airplane at substantially its
aerodynamic center and including elevator means
disposed aft and spanwise thereof, a control
member at the pilot station of the aircraft, means
for operatively connecting said elevator means
with said control member, and means for connect-
ing said pitch control surface and said high lift
flap whereby said pitch control surface and said
high lift flap move simultaneously through vari-
ous angles of attack automatically in response
to variations in the dynamic pressure impressed
thereon during flight.

2. In an aircraft control assembly, a main lift
surface having high lift means operatively dis-
posed on a horizontal pivot axis aft thereof, pitch
eontrol means operatively disposed forwardly
thereof and mounted to pivot about substantially
its mean aercdynamic center, and means con-

necting said pitch control means and said high.

lift means for effecting simultaneous movement
thereof, said pitch control means and said high
1ift means being movable automatically for pitch
control under the influence of varying dynamic
pressure impressed thereupon during flight.

3. In an aircraft control assembly, a main lift
surface having high 1ift means operatively dis-
posed aft thereof, pitch control means operatively
disposed forwardly thereof and mounted hingedly
at substantially its mean aerodynamic center for
movement under the influence of varying dy-
namic pressure impressed thereon during flight,
means connecting said pitch control means and
said high lift means for affording simultaneous
movement thereof, and spring means for urging
said piteh control means through trimming
movements to correct for pitching produced by
said high lift means and said main lift means.
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Uft surface having high lift means operatively
disposed aft thereof, pitch control means opera-
tively disposed forwardly thereof and hingedly
mounted at substantially its aerodynamic center,
and means connecting said pitch control means
and said high lift means to afford simultaneous
automatic movement thereof under the influence
of varying dynamic pressure impressed there-
upon during flight.

5. In an airerait trim control assembly having
main lift means, high lift members and a pitch
control surface operably connected to said high
lift members for simultaneous movement, said
pitch control surface being constructed and ar-
ranged to be hingedly mounted at substantially
its aerodynamic center and to be automatically
deflected by variations in the dynamic pressure
impressed thereupon during flight to compensate
for pitching moment set up by said high lift mem-
bers and said main lift means.

6. In an aircraft control assembly, a main lift
surface, pitch control means hingedly secured
forward and above said surface at substantially
the aerodynamic center of said means, high lift
means hingedly secured at the aft edge of said
main lift surface and operably connected for
movement with said pitch control means, said
pitch control means being constructed and ar-
ranged to assume varying angles of attack auto-
matically under the influence of dynamic pres-
sures impressed thereon to bring about trimming
moments in the aireraft to compensate for pitch-
ing moment set up therein by said high liff means
and by said main lift means.

7. In combination in an aircraft, a main lift
surface, high lift means, trim control means com-
prising an aerodynamic member pivotally mount-
ed at substantially the aerodynamic center there-
of and automatically responsive to the speed of
the relative wind during flight to trim the air-
craft, means for operatively connecting said trim
control means and said high liff means for co-
ordinated action, and dampening means opera-
tively associated with said connecting means to
prevent fluttering of said high lift means and
said pitch control means.

8. In an aircraft control assembly, a main Iift
device, a pitch control assembly including a con-
trol surface mounted to pivot about substantially
the aerodynamic center thereof automatically in
response to aerodynamic pressure imposed there-
on during flight, spring means for automatically
urging said pitch control assembly through pitch
control movement in accordance with certain
variations in dynamic pressure imposed upon the
piteh control assembly and means operatively as-
sociated with said pitch control assembly for
damping the oscillation thereof to reduce flutter-
ing during the pitch control movement thereof.

9. In an aircraft control assembly, a main 1ift
surface, high lift means, a pitch control surface
pivotally mounted at substantially the mean aero-
dynamic center thereof and thereby being auto-
matically operative in response to dynamic pres-
sure during flight, and means for connecting said
high 1ift means and pitch control surface to af-
ford simultaneous movement thereof, and means
associated with said connecting means for ad-
justably varying the angles of attack of said
high lift means and said pitch control surface
relative to one another. ' ]

10, In an aireraft control assembly, a main
lift surface, high lift means, a pitch control sur-
face pivotally mounted at substantially the mean
aerodynamic center thereof and thereby being
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automatically operative in response to dyhamic
pressure during flight, means for connectihg said
high lift means and pitch control surface to af-
ford simultaneous movement thereof, and means
associated with said connecting means for ad-
justbly varying the angles of attack of said high
1ift means and said pitch control surface rela-
tive to one another, said connecting means includ-
ing a rocking arm operatively connected with
5aid high lift means and a second rocking arm
operatively associated with said pitch control
surface, said arms being mounted at a comimon
pivotal point and having an expansible rigid
member disposed therebetween 46 afford simul-
taneous rocking movement of said arms and
means for expahding and contracting said rigid
member at the will of the operator to vary the
angle between the arms thereby to vary the rela-
tive angle between the high lift means and said
pitch control surface.

11, In an aircraft control assembly, a main lift
surface having high lift means operatively dis-
posed aft thereof, pitch control means opera-
tively disposed forwardly thereof comprising an
aerodynamic member pivotally mounted for
movement about substantially the aerodynamic
center thereof whereby to respond automatically
to the speed of the relative wind during flight
for trimming the aircraft with which the control
assembly is associated, means connecting said
pitch control means and said high lift means for
simultaneous movement thereof automatically
under the influence of varying dynamic pressure
impressed upon said pitch control means and said
high lift means during flight, an elevator mem-
ber disposed spanwise and aft on said pitch con-
trol means, and means for connecting said eleva-
tor to a control element at the pilot’s station to
afford manual variation in the angle of attack of
said elevator throughout the range of pitch con-
trol movement of said pitch control means.

12. The combination of a piteh control surface
in an aircraft assembly of an elevator member
hingedly mounted on said pitch control surface
for angular movement relative thereto, said pitch
control surface being mounted to swing automat-
ically about substantially its mean aerodynamic
center through varying angles of attack in re-
sponse to the dynamic pressure imposed thereon
during flight, and means connecting said eleva-

tor member to a control elemént at-the pilot’s

station to afford manual adjustment of the angle
of attack of said elevator member throughout
the range of variation of the angle of attack
of said control surface ahd compatible with the
dynamic pressure responsiveness of the latter.

13. In an aircraft assembly, high 1lift means

and piteh control means hingedly mounted for
automatic variation in the angle of attack there-
of in accordance with the dynamic pressure im-
posed thereon during flisht, a first motion trans-
mitting assembly connecting said high lift means
and said pitch control means to afford simul-
taneous movement thereof, an elevator surface
hingedly secured to said pitch control means, a
control member at the pilot’s station, a second
motion transmitting assembly between said con-
trol member. and said elevator surface, a spring
assembly operatively connected with said motion
transmitting assemblies, means for connecting

said first motion transmitting assembly with said 7

spring assembly to vary the resisting force there-
of in accordance with the movements of said pitch
control means, means for connecting sald first
motion transmitting assembly with' said spring
assembly to control the movements of said first
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motion fransmitting assembly responsive to cori-
trol movements of said pitch contro]l means, a
differential mechanism interposed between sald
spring assembly and said first motion transmit-
ting assembly, and means connecting said dif-
ferential assembly with said second motion trans-
mitting assembly thereby to afford a counterbal-
ancing reaction on the spring assembly through
said differential assembly upon movement of said
elevator surface by said control member.

14, In an aircraft assembly, main lift means,
high lift means hingedly mounted aft thereof, a
hingedly mounted pitch control surface, and an
elevator hingedly mounted aft thereof, a control
member at the pilot’s station, a first motion trans-
mitting mechanism between said high liff means
and said pitch control surface, a second motion
transmitting mechanism between said elevator
and said pilot control member, g spring assembly
constructed and arranged o constrain movement
of said first motion transmitting mechanism, a
differential assembly having an arm constructed
and arranged for translational and rotational
movement, said arm engaging said spring assem-
bly to be moved thereby through translational
movement and being adapted upon rotation to
vary the tension of the spring, means connect-
ing the first motion transmitting mechanism to
said differential assembly to impart transiational
movement thereto, means connecting said sec-
ond motion transmitting mechanism with said
differential assembly to impart rotational move-
ment to said arm and means connecting said first
motion transmitting mechanism to said spring as-
sembly to impart a load upon the spring assembly
during movement of said high lift means and said
pitch control surface.

15. In an aircraft assembly having a high lft
surface and a pitch control surface, an elevator
hingedly mounted on said pitch control surface,
a control member at the pilof’s station, a first
motion transmitting means operatively connected
between said control surface and said high lift
surface, a second motion transmitting mechanism
operatively connected between said elevator and
said -control member; a -counterbalancing con-
straining assembly including a differential mech-
anism having a pair of bell cranks constructed
and arranged to pivot simultaneously, an arm
pivoted coincidentally with one of said bell cranks
and constructed and arranged to pivotally carry
the other bell crank at the remote end thereof,
said last named bell crank having an extension
adapted for rotational movement upon simul-
taneous rotation of said bell cranks about their
pivot points and for translational movement upon
rotation of said arm about its pivot point, a con-
straining spring assembly connected with the re-
mote end of said extension, sald assembly in-
cluding g spring mounted on a pair of felecop-
ing members each having g flange bearing against
one end of said spring, means for connecting one
of said bell cranks with said second motion trans-
mitting mechanism whereby movement of said
mechanism affords simultaneous rotation of said
bell eranks, means connecting said arm with the
first of said motion transmitting. mechanisms
whereby movement of said mechanism causes
rotation of said arm about its pivot point and
translation of said extension, and means con-
necting one end of said telescoping members 10
said first motion transmitting mechanism where-
by a load is impressed upon the spring during
movement of said motion transmitfing mecha-
nism between the high lift surface a.nd the pltch
control surface.
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16, In an aircraft assembly having hingedly
mounted control surfaces and motion transmit-
-ting mechanism operatively connected therebe-
tween to afford simultaneous movement of said
surfaces, a constraining spring assembly associ-
ated with said motion transmitting mechanism
to be loaded thereby and to constrain the move-
ments thereof, said assembly including a spring,
an expansible gnd contractible mounting for said

spring, means for connecting said motion trans--

mitting mechanism with said spring thereby to
afiord constraint in the movement of said motion
fransmitting mechanism, and means connecting
said motion transmitting mechanism to said ex-
pansible and contractible mounting thereby to
impress a load upon said spring upon movement
of said mechanism. '

17. In an aircraft assembly, a pair of control
surfaces movably mounted to be subject to dy-
namic pressure in flight to move them automat-
ically within certain limits from a normal rel-
atively high angle of attack to a decreased angle
of attack proportionate to the speed of the air-
craft, one of said control surfaces being mounted
to move about substantially its aerodynamic cen-
ter, motion transmitting means operatively con-
necting said surfaces to zfford simultaneous vari-
ations in the angle of attack thereof, means as-
sociated with said motion transmitting mecha-
nism to dampen the movements of said surfaces,
means for constraining the variation of the angle
of attack of said surfaces upon variation in the
dynamic pressure impressed thereupon during
flicht, and means associated with said transmit-
ting mechanism for impressing increased resist-
ance upon the movement of said surfaces as they
move toward decreasing angles of attack.-

18. In a differential assembly for aircraft hav-
ing lift surfaces, an elevator and a pilot control
for said elevator, said differential assembly being
adapted to counter-balance independent motion
transmitting mechanisms connected with lift sur-
faces of the aircraff, a first bell crank pivoted to
a stable member of the aircraft, a first motion
transmitting mechanism operatively connected
with a lift surface of the aircraft, means for con-
necting said bell crank with said first motion
transmitting mechanism, an elongated arm piv-
oted coincident with said bell crank, a second
bell crank pivotally mounted at the end of said
arm remote from said first bell erank and includ-
ing an extension, a constraining mechanism
adapted to be engaged by said exfension, means
for connecting said bell cranks to afford simul-
taneous pivotal movement thereof and rotational
movement of said extension therewith, and meang
connecting said remote end of said arm with a
second motion transmitting mechanism to afford
rotation of said arm about said stable member of
the aireraft thereby to impart transitional move-
ment to said second bell crank and to the exten-
sion thereon.

19. In combination in an aircraft assembly, a
main 1ift surface, high lift means hingedly se-
cured aft on said main lift surface, a pitch con-
trol surface disposed above said main lift sur-
face and forwardly of the center of gravity of
the aircraft assembly, said pitch control surface
being mounted to swing substantially about its
aerodynamic center for automatic response to the
speed of the relative wind during flisht to trim
the aircraft, and a connecting assembly between
said high-lift means and said pitch control sur-
face to afford simultanecus movement thereof
automatically in response to varying dynamic
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pressures impressed upon the latter during flight.
20. In combination in air aircraft of the char-
acter described, a main lift surface, and pitch

‘control airfoil means comprising a surface mount.-

ed to pivot about substantially its mean aero-
dynamic center, means normally constraining
said pitch control airfoil means at a_relatively
high angle of attack to overcome diving morments
in the lowest airborne speéd of the aircraft; said
pitch control airfoil means being automatically
responsive to increases in dynamic pressure at in-
creased speeds of the aircraft o adjust to propor-
tionately decreased angles of attack, whereby to
maintain the aireraft at all times automatically
in trim independently of the pilot of the aircraft. .
21, In combination in an aircraft of the char-
acter described, a main lift surface, pitch con-
trol means comprising g surface mounted to pivot
about substantially its mean aerodynamic cen-
ter, means normally constraining said pitch con-
trol means to operate at g relatively high angle
of attack to overcome diving moments at the
lowest airborne speed of the aircraft, said pitch
control means being automatically responsive to
increases in dynamic pressure at increased speeds
of the aircraft to adjust to proportionately de-
creased angles of attack, whereby to maintain
the aircraft at all times automatically in trim
independently of the pilot of the aircraft, and
pilot controlled elevator means cooperatively re-
lated to the pitch control means for varying the
elevation of the aircraft in flight and adapted
to function compatibly with the automatic opera-
tion of the pitch control means.
22. In combination in an aircraft of the char-
acter described, g main lift surface, pitch con-
trol means comprising pivoted trim elements for-
wardly and aft of the main lift surface connect-
ed for automatic cooperative movement and con-
strained at the lowest airborne speed of the air-
crait at a relatively high angle of attack to
overcome diving moments thereof, one of said
pivoted trim elements being mounted to pivot
about substantially its mean aerodynamic cen-
ter, said pitch control means being automatically
responsive to increases in dynamic pressure at in-
creased speeds of the aircraft to adjust to pro-
portionately decreased angles of attack and
thereby maintain the aircraft at all times auto-
matically in trim independent of pilot attention,
pilot controlled elevator flap structure coopera-
tively related to the pitch control means for vary-
ing the elevation of the aircraft in flisht and
functioning compatibly with the automatic op-
eration of the pitch control means, and means
for imposing a counterbalancing load on said pitch
control means acting in conjunction with the
dynamic pressure involved in the operation of
the pitch control means to produce a trim mo-
ment throughout the entire range of deflection of
the elevator means by the pilot.

GEORGE E. BOCKRATH.
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